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ABSTRACT 
Lauren Kelly Joca: The status of water, sanitation and hygiene in health care facilities in the WHO 
European Region 
(Under the direction of Jamie Bartram) 
 
Adequate water, sanitation, and hygiene (WaSH) infrastructure is an essential component 
of effective healthcare facilities (HCF). However, researchers have not adequately studied the 
status of WaSH in HCF in the World Health Organization European Region (WHO Euro). A 
systematic literature review and a qualitative questionnaire were used to begin characterization 
of WaSH in HCF in WHO Euro. The review revealed common deficiencies in WaSH, disease 
outcomes and cost implications of deficient WaSH, disease reservoirs in HCFs, and effective 
infection management (IM) techniques. The questionnaire provided an understanding of the legal 
framework, implementation strategies, and monitoring structures that allow for the adequate 
provision of WaSH in HCF. The two components of the project revealed significant gaps 
between knowledge and practice. Future policies should address these gaps: adequate WaSH to 
improve IM, enhanced treatment of hospital waste, and the impact of emerging issues (e.g. 
AMR, Legionella, and climate change resiliency) in HCFs. 
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1. Introduction 
Access to water, sanitation, and hygiene (WaSH) infrastructure is vital for health and well-being. 
The provision of adequate and safe WaSH infrastructure within healthcare facilities (HCF) is of particular 
importance, where it represents an essential component of environmental health. In turn, environmental 
health in HCF has been identified as one of the six core functions of the health system (Rehfuess et al. 
2009). HCF contain a high concentration of pathogens within a space that also houses vulnerable 
populations. WaSH infrastructure is necessary to treat patients and to prevent disease transmission 
between patients, as well as between patients and staff. Therefore, without adequate WaSH infrastructure, 
basic quality of care in HCF cannot be achieved.  
 
In essence, an HCF without proper WaSH is not an HCF at all. Deficiencies in WaSH 
infrastructure can lead to several problems, including nosocomial infections, longer hospital stays, 
increased cost of care, and increased burden of infection caused by antimicrobial-resistant (AMR) 
pathogens (Defez et al., 2008). Adverse outcomes due to deficient use and functionality of WaSH 
infrastructure can extend outside of HCF into the surrounding environment, contributing pharmaceuticals, 
AMR genes, and infectious agents into the ecosystem through wastewater and solid waste (Blanch et al., 
2002; Yilmaz et al., 2016).  
 
Despite the importance of WaSH services in HCF settings, a recent study covering 78 low- and 
middle-income countries found that 50% of HCF lack piped water, 33% lack improved sanitation, 39% 
lack handwashing soap, 39% lack adequate infectious waste disposal, 73% lack sterilization equipment 
(Cronk and Bartram, 2018). Importantly, the majority of data used to determine WaSH coverage in HCF 
were derived from studies based in Asia, Africa and Latin America and the Caribbean. Only four of the 
78 countries represented in the analysis were in the WHO European Region (WHO Euro) (Cronk and 
Bartram, 2018). 
 
WHO Euro consists of 53 member nations: one low-income country, five lower-middle income 
countries, 14 upper-middle income countries, and 33 high-income countries. There has been a concerted 
effort to characterize and correct WaSH deficiencies since the ratification of the Sustainable Development 
Goals in 2015 (Goal 6), with a growing interest in WaSH infrastructure in HCF. However, the countries 
in WHO Euro remain poorly represented in existing data (Cronk & Bartram, 2018). Moreover, the 
existing large-scale studies that consider WaSH-related outcomes in WHO Euro focus on burden of 
disease attributable to multiple risk factors, rather than specific WaSH-related shortcomings (Lim et al., 
2012; Lopez et al., 2006). Therefore, a significant data gap exists related to the status of WaSH in HCF 
across all of WHO Euro.   
2. Objectives 
The objective of this study is to fill the data gap on the status of WaSH in HCF throughout WHO 
Euro through two means: a systematic literature review and a questionnaire analysis. The systematic 
literature review was designed to collect existing data on the relationship between WaSH infrastructure in 
HCF and health or environmental outcomes. A questionnaire was developed to complement the 
systematic literature review and administered to nineteen WHO Euro member countries at a regional 
meeting in September 2017. The questionnaire was designed using previous bottleneck analyses by the 
WHO and was intended to construct a picture of the “enabling environment” in each country. Through the 
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qualitative synthesis of data obtained through these two methods, this project characterizes the status of 
WaSH across a region that has not before been analyzed in this way. 
3. Methods 
In order to create a comprehensive picture of the current status of WaSH in HCF in WHO Euro, 
this study used a systematic literature review protocol and analyzed data collected through a 
questionnaire.  
3.1. Systematic Literature Review  
The goal of the systematic review was to obtain existing literature that addressed WaSH in HCFs 
of WHO Euro countries.   
3.1.1. Search Strategy  
This review followed the PRISMA protocol for study search and selection, requiring the 
construction of a search string and identification of inclusion and exclusion criteria. The search string was 
organized into five sections: environmental factor, factor outcome, health impact, hospital, and country 
terms (Appendix 1). 
● Environmental factors included the terms for water, sanitation, and hygiene, as well as 
related infrastructure terms for ventilation, waste, and Washing.  
● Factor outcome terms included the management of the environmental factors, like waste 
management, wastewater treatment, and infection prevention.  
● Health impact terms focused on the outcomes of insufficient WaSH infrastructure, such 
as outbreak, healthcare acquired infection, or nosocomial infections.  
● The hospital terms were included to narrow results to the health care facility setting. 
● All 53 member states of the WHO European Region were included in the country terms, 
as well as regional terms (i.e. Europe or Europ*).  
 
The search string was adapted for use in the PubMed, Ebsco Global Health, Embase, and Web of 
Science databases. The search was conducted in January 2017.  
 
A grey literature search was conducted between December 2016 and January 2017. Databases 
searched for the grey literature search strategy included: the government websites of all EU and non-EU 
countries within the WHO European Region; the databases of entities that specialize in WaSH, including 
the UNICEF Water and Sanitation Publications, WHO: Water Sanitation Health, and World Bank: Water 
and Sanitation databases; the Conference Proceedings Citation Index; Google Scholar; and the Open Grey 
database. Across the grey literature sources, only English-language information was selected for further 
review.  
 
Authors manually searched the government websites and repositories of international agencies 
specialized in WaSH to find relevant literature. A search of the Conference Proceedings Citation Index, 
Google Scholar, and Open Grey required modified search strings adapted from the string used in the peer-
reviewed literature search (Appendix 2).  
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3.1.2. Study selection 
The peer-reviewed literature and grey literature were aggregated in the systematic review 
software Covidence (Veritas Health Innovation) so that all literature could be scrutinized with the same 
inclusion and exclusion criteria. 
During title and abstract screening, non-English language studies, duplicates, reviews, and studies 
published in or before 1991 were excluded. Additionally, studies were excluded if they did not mention a 
WaSH issue (e.g. water quality, wastewater disposal, sanitation systems, hygiene, or infection prevention 
strategies), were not set in a healthcare facility, or were based in a non-European country. If the origin of 
the study was not clear (i.e. it could have been based in a European country), but the study was set in a 
healthcare facility and mentioned a WaSH issue, then it was moved to full text review. Two authors 
completed the title and abstract screening process separately and conferred on the results.  
In the full text review, editorials (e.g. opinion pieces, letters to the editors, articles, etc.) and non-
English language studies (e.g. those studies with an English abstract and a foreign language body) were 
excluded. If full text of a study was unavailable (e.g. full text could not be acquired or the study was only 
available in abstract form), it was also excluded at this stage. Studies were moved from full text review 
and included in the data extraction stage if they were based in a European nation, were set in a healthcare 
facility, and accomplished one or more of the following: 
1) Examined water quality, wastewater disposal, sanitation systems, hygiene, or infection prevention 
strategies;   
2) Related healthcare facility infrastructure to environmental health;  
3) Related WaSH infrastructure or environmental health to patient outcome;  
4) Analyzed the relationship between healthcare facility waste and community/ ecological health;  
5) Related structural/systemic factors to WaSH provision;  
6) Concerned healthcare facilities, including infrastructure, policy, etc.  
The same authors that completed the title and abstract screening completed the full text review, 
reviewing each text individually and conferring on any conflicts between the studies that were selected 
for synthesis or excluded. 
3.1.3. Data extraction 
The data extraction protocol assigned the selected studies to one of seven categories that were 
defined before full text review began. These categories allowed the authors to extract the pertinent 
information from each type of study, with different set of information extracted according to the 
categorization (Table 1). Abbreviated tables can be found in Appendix 3. The seven categories 
comprised: Coverage; Disease Outcomes Related to Deficient WaSH; Impact on the Natural 
Environment; Prevention and Management of Infections in the Healthcare Facility; Role of the Healthcare 
Worker; Environmental Management of the Healthcare Facility; and Governance resources.   
● Coverage: assess the water access or quality within a healthcare facility, the sanitation 
facilities of a healthcare facility, or hygiene measures, including handwashing compliance 
and infection control/prevention strategies used within a facility. When these studies entered 
data extraction, the WaSH dimension and the key findings were recorded. 
● Disease Outcomes Related to Deficient WaSH: consider the result (e.g. antimicrobial 
resistant infection, mortality) of certain process deficiencies (e.g. inadequate infection control 
and prevention, cross-contamination, inadequate sterilization, mismanagement of waste) 
within a healthcare facility. 
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● Impact on the Natural Environment: consider the impact on the environment of healthcare 
facilities. Specifically, the studies examine the pollutant load and destination of wastewaters 
or solid waste from healthcare facilities. They may connect inadequate treatment of 
healthcare facility waste and contribute to the presence of micropollutants or infectious 
agents in the environment. 
● Three facets of WaSH-related management within the healthcare facility setting: 
o Prevention and Management of Infections in the Healthcare Facility: includes studies 
that evaluate surveillance of nosocomial infections, the functionality of disinfection 
tools, and the effectiveness of infection control protocols, among others.  
o Role of the Healthcare Worker: consider the impact that knowledge, behavior, and 
attitude of the healthcare worker has on compliance with WaSH guidelines, as well 
as patient outcomes.  
o Environmental Management of the Healthcare Facility: examine how patient 
outcomes and infection rate(s) are impacted by environmental factors, including 
healthcare facility infrastructure and the presence of fomites that have the potential to 
spread disease.  
● Governance: consider the results achieved from applying national or regional standards or 
policies to prevent WaSH-related issues in healthcare facilities (e.g. the impact of region-
wide AMR surveillance, the implementation of WHO guidelines in European healthcare 
facilities, a comparison of different countries’ WaSH standards). They could also answer 
administration-level questions on the impact of WaSH-related issues (e.g. the cost to the 
healthcare facility of AMR infections; the cost per patient of in-facility outbreaks; a cost-
benefit analysis of different types of infection control/prevention measures). 
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Table 1: Example data extraction template 
All Studies 
Information Data Extracted 
Title e.g. Situation Report on the status of coverage, health outcomes and management practices associated with water, sanitation and hygiene in health care facilities 
First author, Year e.g. Doe et al., 2018 
Publication type e.g. Peer-reviewed, grey literature 
Study design e.g. cross-sectional, longitudinal,  
Setting (i.e. healthcare facility 
type) 
e.g. Hospital, Dental Clinic, Tertiary Care Center, Specialized clinic 
“Coverage” only 
Level e.g. district, regional, national 
WaSH Dimension 
e.g. Water access, Water quality, Handwashing, Sanitation, Hygiene, Healthcare 
waste management 
Description e.g. microbial assessment of drinking water system  
Key Findings e.g. Water samples resulted in XX CFU of Legionella  
“Disease Resulting from Deficient WaSH” only 
Study population e.g. ICU 
Source of exposure  e.g. dental tools 
Infectious agent e.g. Enterobacter cloacae, Acinetobacter baumannii, etc. 
Process Deficiencies e.g. contaminated water supply, inadequate sanitation 
No. infected/ No. exposed e.g. patients presenting disease/all patients in department 
Health outcomes e.g. sepsis, mortality, etc. 
Strategies for prevention or 
management 
e.g. isolation, hygiene monitoring, etc. 
“Impacts on the Natural Environment” only  
Sample type e.g. untreated surface water 
Environmental outcome e.g. AMR genes in waterway 
Strategies for prevention or 
management 
e.g. effluent pretreatment 
“Prevention and Management of Infections in Healthcare Facilities,” “Role of the Healthcare Worker,” and 
“Environmental Management of the Healthcare Facility” 
Objective e.g. to investigate effectiveness of current hygiene guidelines 
Infection mitigation method e.g. increased hand hygiene compliance 
Methods e.g. monitoring 
Outcomes e.g. greater compliance, lower rates of HAI-acquisition 
“Governance” only 
Objective e.g. to determine effectiveness of new national program  
Methods e.g. pre- and post-test analysis 
Outcome e.g. greater compliance, lower rates of HAI-acquisition 
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3.1.4. Data Synthesis 
After data were extracted from the individual studies, the newly created database was reviewed as 
a whole to identify common themes present across extraction categories. The information was 
qualitatively synthesized to report these significant themes and important relevant conclusions from the 
literature.   
3.2. Questionnaire Development and Analysis 
To fill in data gaps identified in the literature search, a questionnaire developed by the WHO 
Europe Regional Office was administered to officials from nineteen WHO Euro member countries that 
were participating in a regional meeting in September 2017. 
3.2.1. Description 
The questionnaire was based on previous work WHO and UNICEF had completed on the 
enabling environment, The Status of WaSH in Schools in the Pan-European Region. Respondents 
provided data on the national regulations, standards, and programs present in their respective countries 
that concern WaSH in HCF (Table 2). For the purposes of this analysis, the enabling environment 
includes governance, monitoring, and human resources directed to the WaSH sector and the factors 
influencing progress on the delivery of services.1 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
1 World Health Organization. (2018). Defining competent maternal and newborn health professionals: background 
document to the 2018 joint statement by WHO, UNFPA, UNICEF, ICM, ICN, FIGO and IPA: definition of skilled 
health personnel providing care during childbirth. 
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Table 2: Questionnaire 
1. Are there national regulations or standards addressing WaSH in health care facilities, and/or 
healthcare waste management, in your country? Please note that water, sanitation and hygiene may 
be covered each under different regulations. 
 If yes, please briefly summarize their scope and key requirements and provide reference to relevant 
documents (if not available online, please provide us with hard or electronic copies). Please provide your 
answer in the box below by using maximum 150 words. 
2. Are there any targeted programs in your country which aim at improving WaSH conditions in 
health care facilities?  
 If yes, please briefly summarize their scope and key requirements and provide reference to relevant 
documents (if not available online, please provide us with hard or electronic copies). Please provide your 
answer in the box below by using maximum 150 words. 
            3.       Are there any targeted programs in your country aiming at improving environmental 
sustainability of health care facilities (e.g. safe wastewater disposal, reduction or better 
management of healthcare waste, water use etc.)? 
 If yes, please briefly summarize the scope of such programs and provide reference to relevant documents 
(if not available online please provide us with hard or electronic copies). Please provide your answer in 
the box below by using maximum 150 words.  
4. In your country, how are responsibilities spread among national, regional and/or local agencies 
involved in providing and maintaining WaSH services in health care facilities and/or in monitoring 
WaSH conditions in health care facilities? Please note that water, sanitation and hygiene may be 
covered each under different areas of responsibility. 
 Please briefly summarize respective responsibilities in the box below by using maximum 150 words.  
5. Do you have an overview on the situation of WaSH in health care facilities in your country (e.g. 
based on findings from ongoing national monitoring programs and/or targeted one-off surveys or 
assessments)?  
 If yes, please provide a brief summary of the situation and provide details on the information basis (e.g. 
routine monitoring, one-off assessments). If possible, please differentiate between water, sanitation and 
hygiene conditions. Please provide reference to relevant documents (if not available online please 
provide us with hard or electronic copies). Please provide your answer in the box below by using 
maximum 150 words. 
6. Do you have requirements for routine surveillance by national authorities of WaSH conditions in 
health care facilities?  
 If yes, please briefly describe these requirements in terms of thematic focus, frequency, coverage, and 
enforcement mechanism and actors. Please provide your answer in the box below by using maximum 
150 words. 
 
3.2.2. Data Analysis 
The results of six countries were analyzed: Georgia, Hungary, Italy, The Republic of Moldova, 
Serbia, and Tajikistan. This subgroup was selected from the nineteen countries that completed the 
questionnaire because each country represented a distinct region of Europe and showed an expressed 
interest in participating in further analyses (Table 3).  
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Table 3: Rationale for the selection of the Champion Country subset2 
Country Region Rationale 
Georgia Western Asia Co-leads priority area on WASH in HCF under the 2017-2019 programme of 
work of the Protocol. Since 2016 the MoH is monitoring the infection control 
system in inpatient medical institutions integrating relevant indicators for WASH 
in HCF. 
Hungary Eastern Europe Co-leads priority area on WASH in HCF under the 2017-2019 programme of 
work of the Protocol. Hungary prioritised WASH in HCF on the national agenda 
and is about to scale-up a pilot survey on WASH in HCF. 
Italy Southern Europe The country has been recently strengthening the national prevention and 
surveillance of nosocomial infections, integrating WASH/IPC with quality health 
care. 
Republic of 
Moldova 
Eastern Europe Co-leads priority area on WASH in HCF under the 2017-2019 programme of 
work of the Protocol. MoH expressed interest in conducting a national survey on 
WASH in HCF in 2018, and requested support by WHO. 
Serbia Southern Europe The country chairs the Protocol in the triennium 2017-2019. Country has set an 
example in the Region for coordinated work towards progressive implementation 
of Regional commitments. National targets for WASH in HCF are under 
development and an inspection methodology has been updated in line with the 
2017 global WASH in HCF indicators.3  
Tajikistan Central Asia Besides an already ongoing project on developing water safety plans, MoH 
expressed interest to pilot the WHO approach WASH FIT for improvement at 
the facility level with the support of WHO.4 
 
First, the answers were characterized based on whether the country had a program, regulation, or 
standard referenced, as well as the number of policies, the scope of the policies, and the WaSH dimension 
covered in each policy.  
Then, components of the enabling environment and the challenges within the policy environment 
that may discourage adequate WaSH in health care facilities were identified based on dimensions and 
indicators previously used by WHO and UNICEF in bottleneck analyses (Table 4). Enablers appear when 
the information collected from the countries reflect the indicators defined by WHO/UNICEF (i.e. the 
indicator is true). Challenges include the reasons for why an indicator may only be partially true (e.g. 
there is a regulation, but it does not consider one of the WaSH dimensions), as well as indicators that do 
not reflect the data collected from the countries (i.e. the indicator is false).  
                                                          
2 WHO Concept Note, WASH in HCF Deep Dive Preparation March 3, 2018 
3 WHO/UNICEF Joint Monitoring Programme on Water, Sanitation and Hygiene, 2017. Core questions and indicators for 
monitoring WASH in health care facilities. https://WaSHdata.org/report/jmp-2016-core-questions-and-indicators-monitoring-
winhcf 
4 WHO/UNICEF, 2015. Water and Sanitation for Health Facility Improvement Tool (WASH FIT): A practical guide for 
improving quality of care through water, sanitation, and hygiene in health care facilities. 
http://www.WaSHinhcf.org/fileadmin/user_upload/documents/WASH-FIT_Oct2016_forknowledgeportal.pdf 
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Table 4: Dimensions and Indicators of the Enabling Environment for WaSH in HCF5 
Dimensions Indicators 
Legal framework A legal framework exists  
Policy and Regulations, containing national service norms, is approved  
Policy and Regulations are comprehensive of all dimensions of WaSH (Water, Sanitation, 
Hygiene and Waste management) 
Requirements are in line with the WHO standards 
Requirements are legally binding 
Requirements incorporate emerging issues (e.g. Legionella, AMR, HAIs and sepsis) 
Implementation Institutional roles are clearly defined 
Interdepartmental and/or intergovernmental (local, district, federal, etc.) cooperation are in 
place 
Roles are clearly defined at the local level 
The national authorities oversee the work of the local authorities for WaSH in health care 
facilities (e.g. local utilities, onsite management by HCF) 
There is a person in charge of WaSH at the facility level 
Enforcement mechanisms are regulated/in place 
There is a specific financial plan/budget line for WaSH in place 
There is an ongoing national or sub-national plan/program targeted at implementing and 
improving compliance with the law for WaSH in health care facilities 
WaSH is reflected as a component in programs targeted at quality health care, health care 
sustainability, etc.  
Targets under the protocol on WaSH in HCF are drafted or approved 
Sector and service 
monitoring 
Monitoring systems are in place 
Monitoring is regular 
Monitoring comprehensive of all WaSH dimensions 
Monitoring measures availability and functionality 
Monitoring is nation-wide 
Monitoring reflects international indicators (WHO/UNICEF Joint Monitoring) 
4. Results  
4.1. Literature search results 
A total of 3,119 studies were found in the peer-reviewed literature search. The results were 
combined with 112 studies identified in the grey literature search, for a total of 3,231 studies. After 
duplicates were removed, 2595 studies remained for title and abstract screening. After screening, 728 
studies entered full text review. After full text review, 90 were selected for data extraction and synthesis 
(Figure1). 
 
                                                          
5 Developed based on ccorrespondence with WHO Euro office April 30, 2018 
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Figure 1: PRISMA Literature Search Flow Diagram 
4.2. Literature characteristics 
The selected studies came from 20 countries and included three larger, European-scale surveys. 
When broken down by country of origin, the United Kingdom (England, Wales, Scotland, and Northern 
Ireland) prepared the largest number of studies (24 out of 90, 26.6%), followed by France, the 
Netherlands, and Turkey (Table 5).  
  The largest number of studies (19 out of 90, 21%) were assigned to “Environmental Management 
of the Healthcare Facility”, The number of studies in each category ranged from 7 to 19 (Table 6).    
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Table 5: The literature search results disaggregated by region and country according to the country 
represented in each study 
Sub-Regions Country Studies Identified 
Western Asia 
Cyprus 1 
Turkey 8 
Albania 1 
Eastern Europe 
Hungary 2 
Poland 1 
Czech Republic 1 
Northern Europe 
Denmark 1 
Ireland 7 
Sweden 3 
United Kingdom 24 
England 2 
Southern Europe 
Greece 1 
Italy 6 
Portugal 2 
Spain 3 
Western Europe 
France 12 
Germany 8 
Netherlands 9 
Luxembourg 1 
Central Asia Turkmenistan 1 Kazakhstan 1 
 
 
Table 6: literature search results by extraction category (Appendix 3) 
 
Extraction Category Studies Identified 
Coverage 7 
Disease Outcomes Resulting from Deficient WaSH 15 
Impacts on the Natural Environment 15 
Prevention and Management of Infections in HCF 14 
Role of the healthcare worker  7 
Environmental Management of the Healthcare Facility   19 
Governance 13 
Total  90 
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4.3. Data Synthesis 
Several themes are present in the literature that represent commonly addressed WaSH topics in 
WHO Euro. These themes comprised common deficiencies related to WaSH, pathogens of concern, 
environmental reservoirs of disease, infection management techniques, important specialized healthcare 
settings, and cost implications of deficient WASH.  
4.3.1. Common Deficiencies Related to WaSH 
Surveys were used in both the U.K. and Germany to determine if variations in infection control 
practices exist and identify deficiencies that could impact a healthcare facility’s ability to respond to an 
outbreak (Inglis et al. 1992; Peters et al. 2014). Survey results did show that noncompliant infection 
control procedures were a threat to safe health care. (Inglis et al. 1992). 
Two evaluations of the amount of waste generated and the safety of its disposal were conducted 
in Turkey. Both found that the medical waste management in Turkey needed to improve its separation 
and handling of waste during disposal, including separation of hazardous waste in health institutions and 
municipal waste storage areas and establishing sterilization units for infectious waste within healthcare 
facilities (Soysal et al. 2010; Goren et al. 2011). 
One study of healthcare facilities in Portugal revealed that compliance with waste generation and 
management laws was poor and education about the laws had a significant impact on compliance 
(Botelho 2012). Also in Portugal, risk perception associated with waste handling was low compared to 
risk perception in patient care, but was improved through education (Ferreira and Teixeira 2010). 
The first country-wide assessment of infection control practices in Ireland revealed several 
deficient areas, including the number of hospitals with an on-site microbiologist (47%), an infection 
control nurse (85%), and an occupational health physician (29%). Additionally, only 73% of hospitals had 
an infection control committee and, on average, there was one isolation room for every 16 beds (Cunney, 
Humphreys, and Murphy 2006). 
4.3.2. Pathogens of Concern  
Across the literature, a common concern for European healthcare facilities was the ability to 
control and prevent the spread of AMR infections. Nosocomial outbreaks were often connected to 
resistant strains of Staphylococcus aureus, Staphylococcus epidermidis, Enterobacter cloacae, 
Acinetobacter baumannii, Escherichia coli, and Klebsiella pneumoniae.  
WaSH-related deficiencies also propagated nosocomial infections that were not resistant strains. 
For example, the spread of Serratia murcescens, influenza, norovirus, and Clostridium dificile between 
patients was linked to ineffective infection control protocols within healthcare facilities.  
Outbreaks of both Legionella pneumophilia and Pseudomonas aeruginosa originated from the 
drinking water systems of hospitals in Greece, Hungary, and Cyprus. In Cyprus, health officials 
documented the first hospital outbreak of L. pneumophilia to occur in their country (Yiallouros et al. 
2013). Water system analyses conducted in Greece revealed that the risk associated with hospital water 
systems begins within the facility with the growth of L. pneumophilia, but also that a monitoring program 
may allow hospital staff to identify contamination before it spreads to patients (Velonakis et al. 2012). 
Legionella pneumophilia was also identified in the drinking water distribution system of a hospital in 
Hungary, where it and Pseudomonas aeruginosa posed a health risk to those who came into contact with 
the drinking water (Felföldi et al. 2010). These pathogens were infrastructure-related and eradication 
required interventions that improved water quality.  
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4.3.3. Environmental Reservoirs of Disease 
The literature revealed important environmental reservoirs that must be considered within and 
outside of healthcare facilities to adequately prevent the spread of healthcare-associated infections. 
Within healthcare facilities, several fomites were identified that could contribute to the spread of 
nosocomial infections. These included endoscopes, dental tools, dialysis units, ultrasound equipment, cell 
phones, and clothing. Fomite analyses were conducted in the U.K. and reviewed non-disposable 
tourniquets (Elhassan and Dixon 2012), reusable surgical tools (Bagg et al. 2007; Vassey et al. 2011; 
Lipscomb, Sihota, and Keevil 2006), and mobile phones (Brady et al. 2011). The reported cleaning 
procedures of these items were insufficient to prevent the spread of infection. Due to MRSA 
contamination, it was recommended that healthcare facilities use disposable tourniquets (Elhassan and 
Dixon 2012). Guidelines and education on the proper handling and disinfection of mobile phones were 
recommended to protect patients and staff from cross-contamination (Brady et al. 2011). Finally, the 
cleaning standards for reusable dental surgical (Bagg et al. 2007; Vassey et al. 2011) and general surgical 
(Lipscomb, Sihota, and Keevil 2006) equipment were deficient in the removal of proteins prior to use, 
indicating that pathogens could still be present after cleaning. In general, infection control protocols 
specific to this equipment, like requiring the use of automatic sterilizing equipment instead of manual 
cleaning, were required to limit their potential to spread infection.  
Healthcare facilities threaten the integrity of nearby waterways. The literature shows that hospital 
effluent contributed AMR organisms into water resources because standard wastewater treatment was 
unable to sufficiently remove these pathogens. For example, treatment systems in metropolitan areas of 
France were unable to remove vancomycin- and erythromycin-resistant Enterococci (Novais et al. 2005; 
Blanch et al. 2003), as well as carbapenemase-resistant Klebsiella pneumoniae (Perilli et al. 2013). 
Additionally, data from Turkey showed that hospital wastewaters present a risk due to chemical toxicants 
that wastewater treatment currently in use is also insufficient (Yilmaz et al. 2017). Together, the literature 
suggests that advanced wastewater treatment may be necessary to reduce the risk posed by AMR-genes 
and chemical toxicants present in hospital wastewater.  
4.3.4. Infection Management Techniques 
The literature revealed management techniques that were effective in curbing the spread of AMR 
and other healthcare-associated infections, as well as areas of hospitals that require greater vigilance. For 
example, many interventions were centered around increasing hand hygiene compliance among 
healthcare workers. A study examining hand hygiene behavior identified three areas that, if addressed, 
could increase hand hygiene compliance among nurses at a teaching hospital in England: the attitudes of 
the staff about hand hygiene, the perceived control over their own behavior, and the level of personal 
responsibility associated with hygiene (Jenner et al. 2010).  
Two studies from the Netherlands examined approaches to infection management that were not 
seen elsewhere, including an electronic surveillance system (Kaiser et al. 2014) and the selective 
decontamination of the oropharynx and the digestive tract (Houben et al. 2014). The automated electronic 
system described in the literature increased surveillance in the hospital while decreasing cost and 
workload (Kaiser et al. 2014). Selective disinfection of the digestive tract (SDDT) was explored in the 
literature as an infection control measure to prevent the spread of AMR organisms, but its efficacy is 
unclear. Results suggested that SDDT may not be suitable infection management techniques due to 
possible propagation of antibiotic resistance (Houben et al. 2014).  
Interventions like HCF surveillance of nosocomial infections and building the capacity for 
database management served an important role in infection control and prevention practices by 
identifying the most common infections and areas most likely to harbor these infections. An 8-year 
country-wide surveillance study of primary bloodstream infection rates and lower respiratory tract 
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infections in Germany found that participation in the surveillance system and monitoring of country-level 
risk data is associated with lower incidence of healthcare-associated infections (Schröder et al. 2015). In a 
surveillance study of incidence and prevention of sternal surgical site infections in a cardiac unit, 
adherence to hand hygiene guidelines and preoperative antibiotic administration were associated with 
decreased incidence of surgical site infections (Beckmann et al. 2011).  
Finally, outbreaks were often department specific and adherence to strong infection control and 
prevention policies was particularly important in neonatal units, ICU’s, and in post-operative patients, 
representing populations with particularly vulnerable physical states (O’Connor et al. 2017; Neylon et al. 
2010; Bou et al. 2004; Lambert et al. 2011).    
4.3.5. Important Specialized Healthcare Settings 
Hospital settings are the most prominent HCFs described in the literature, with 78% of identified 
literature based in a hospital. However, other important HCF-types were identified that also struggled 
with ensuring adequate WaSH. Dental practices, long-term care facilities, and nursing homes experience 
difficulties in controlling exposure to infections for reasons related to WaSH infrastructure deficiencies.  
Long-term care facilities and nursing homes had difficulty controlling the spread of AMR 
infections within their patient populations and represent a potential source for AMR outbreaks in HCF 
(Barret et al., 2015; Szabó et al., 2015). Care facilities for the elderly are of particular importance because 
these facilities need to meet the demands of an especially-vulnerable population.  
Water quality problems and inadequate sterilization and disinfection of equipment put patients in 
dental facilities at risk of healthcare associated infections. In Italy, an assessment of dental hygienists 
found that long-practicing hygienists and those who attended continuing education programs were more 
likely to apply correct disinfection or sterilization techniques than those who did not attend continuing 
education (Angelillo et al. 2001). Dentists were also surveyed in Turkey about their knowledge of cross-
infection control procedures and revealed poor knowledge of pathogens associated with insufficient hand 
hygiene and cross infection (Yüzbasioglu et al. 2009) 
4.3.6. Cost Implications of Deficient WaSH 
Disease outcomes related to deficient IPC procedures are a serious economic burden. Four studies 
offered cost analyses of nosocomial outbreaks in the Netherlands, England, and France. A review of 
seven nosocomial outbreaks between 2012 and 2014 in the Netherlands resulted in total additional costs 
reaching up to €350,000, with cost dependent on the type of infection (Dik et al. 2016). The lowest cost 
outbreak-cause was norovirus (€10 per patient per day), while the highest cost outbreak-cause was EBSL-
positive Klebsiella pneumonia (€1,368.92 per patient per day). In another Dutch tertiary care facility, an 
outbreak of Clostridium dificile ribotype O27 infection cost €1.33 million with increased cost associated 
with missed revenue due to increased length of stay of the C. dificile patients, the closure of beds to 
enable contact isolation of C. dificile patients, extra surveillance, and activities of the infection control 
department (van Beurden et al. 2017). In England, an outbreak of Carbapenemase-producing 
Enterobacteriaceae (CPE) resulted in a total cost of over €1.1 million over a 10-month period, with the 
highest cost factor being missed revenue (Otter et al. 2017). In France, the total additional costs of 
nosocomial infections due to increased medical costs and the costs associated with an extended length of 
stay were estimated to be €3.2 million per year for a single hospital (Defez et al. 2008). 
4.4. Questionnaire Results 
The majority of countries provided an answer (either yes or no) to each question in the 
questionnaire (Table 7). Tajikistan and Italy were unable to completely describe the division of roles and 
responsibilities related to the provision, maintenance, and monitoring of WaSH. Tajikistan was unable to 
provide a description of the scope of the program in the country that is targeted at improving WaSH. 
15 
 
Additionally, each country was unable to provide complete parameters for the requirements of routine 
surveillance (Table 7).  
Table 7: Response to the county briefs: yes (number of programs or policies), or no 
 Country 
Outcome  Georgia Hungary Italy 
The Republic 
of Moldova Serbia Tajikistan 
National Standards 
and Regulations Yes (5) Yes (4) Yes (4) Yes (4) Yes (9) Yes (5) 
Targeted Programs 
to improve WaSH No Yes (2) Yes (2) Yes (1) Yes (4) 
Incomplete 
(1) 
Targeted Programs 
to improve 
sustainability 
No Yes (2) Yes (1) Yes (2) Yes (1) Yes (3) 
Division of 
responsibilities of 
provision, 
maintenance, and 
monitoring of 
WaSH 
Yes Yes Incomplete Yes Yes Incomplete 
Overview on the 
situation of WaSH 
in HCF 
No Yes Yes Yes Yes Yes 
Requirements for 
routine surveillance 
by national 
authorities of 
WaSH conditions 
Incomplete Incomplete Incomplete Incomplete Incomplete Incomplete 
 
Overall, the scope of national regulations and standards, as well as targeted programs to improve 
WaSH, covered: WaSH Infrastructure, water supply/quality, sanitary facilities, handwashing/hygiene, 
medical waste management, surveillance of nosocomial infections, staff training/behavior, laundering, 
IPC, cleaning and disinfection, Legionella spp, wastewater, epidemiological rules to protect public health, 
and antimicrobial resistance (Appendix 4).  
The scope of targeted programs to improve the environmental sustainability of healthcare 
facilities included energy efficiency, renewable energy, water use efficiency, conscientious consumption, 
medical waste reduction and/or management, wastewater treatment, access to safe water, and education 
measures.  
The administrative framework that defined the division of responsibilities in the provision, 
maintenance, and monitoring of WaSH generally included national laws, but this was not always the case 
as described by individual countries. National, regional, or local agencies were often empowered with 
oversight of the bodies responsible for WaSH in HCF. In some cases, these agencies were the 
organizations responsible for the provision, maintenance, and monitoring of WaSH in HCF.  
Overviews on the situation of WaSH in HCF was available in each country, but the scope and 
type of overview available varied between countries. Findings to inform an overview of WaSH were 
available from ongoing national monitoring programs or from one-off assessments. In very few cases, 
these overviews covered a wide range of WaSH dimensions; more often, the information available was 
not comprehensive.  
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Finally, the information available on the requirements for routine surveillance was incomplete for 
each country. In the case of Italy, no requirements for surveillance were reported at all. The other 
countries were missing one or several of the parameters including scope, frequency, enforcement 
mechanisms, and actors.  
4.5. Enabling Environment 
Following an examination of the combined questionnaire results, the enabling environment of 
each country was individually described.  
4.5.1. Georgia 
Aspects of the enabling environment identified in Georgia included the comprehensive national 
standards and regulations and the authority of national agencies to coordinate and oversee the provision, 
maintenance and monitoring of WaSH in HCF. Enforcement mechanisms were also in place to strengthen 
the requirements of routine surveillance (Table 8).  
While ongoing monitoring included several WaSH dimensions, it did not include sanitation and 
wastewater. While the role of national agencies is well defined, the roles of local agencies and the 
responsibility of routine surveillance is not discussed in the country brief (Table 8). 
Table 8: Enablers and challenges present in Georgia with respect to WaSH provision 
Dimension Enabler or 
Challenge 
Related Indicator Explanation 
Legal Framework Enabler Policy and Regulations are 
comprehensive of all 
dimensions of WaSH 
Comprehensive national 
standards and regulations 
Enabler A legal framework exists Provision and maintenance of 
WaSH defined by national law 
Implementation Enabler The national authorities 
oversee the work of the local 
authorities for WaSH in health 
care facilities 
Monitoring is coordinated by a 
national agency 
Enabler Enforcement mechanisms are 
regulated/in place  
Requirements for surveillance 
are strengthened with 
enforcement mechanisms 
Challenge Institutional roles are clearly 
defined 
Local roles in the provision, 
maintenance, and monitoring of 
WaSH are not clearly defined 
Challenge Institutional roles are clearly 
defined 
Actors responsible for 
surveillance are not clearly 
defined 
Sector Service 
Monitoring 
Enabler Monitoring systems are in 
place 
Ongoing monitoring of several 
WaSH dimensions 
Challenge Monitoring comprehensive of 
all WaSH dimensions 
Sanitation and wastewater are 
not included in ongoing 
monitoring 
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4.5.2. Hungary 
Aspects of the enabling environment identified in Hungary included that the national standards 
and regulations consider emerging issues like Legionella spp. As seen in Georgia, the provision and 
maintenance of WaSH is defined by national law and the responsibilities of national and local agencies in 
the monitoring of WaSH are well defined. Unlike Georgia, the actors responsible for routine surveillance 
are also well defined (Table 9) 
While hand hygiene is regularly monitored and assessed based on WHO standards, the national 
standards and regulations, as well as national monitoring, are not comprehensive. Additionally, the 
country does not have enforcement mechanisms for surveillance requirements (Table 9). 
Table 9: Enablers and challenges present in Hungary with respect to WaSH provision 
Dimension Enabler or 
Challenge 
Related Indicator Enablers 
Legal Framework Enabler Requirements are in line 
with emerging issues (e.g. 
Legionella, AMR, HAIs 
and sepsis) 
National standards and regulations 
include Legionella 
Enabler A legal framework exists  Provision and maintenance of 
WaSH defined by national law 
Enabler Requirements are in line 
with the WHO Essential 
standards 
Hand hygiene status determined 
based on WHO Framework 
Challenge Policy and Regulations are 
comprehensive of all 
dimensions of WaSH 
National standards and regulations 
do not include water 
supply/quality, wastewater, or 
medical waste management 
Implementation 
 
Enabler Institutional roles are 
clearly defined 
Responsibilities related to 
monitoring WaSH are defined at 
national and local level  
Enabler Institutional roles are 
clearly defined 
Actors responsible for surveillance 
are defined 
Challenge  Enforcement mechanisms 
are regulated/in place 
Enforcement mechanisms for 
surveillance requirements are not 
defined 
Sector and service 
monitoring  
 
Enabler Monitoring systems are in 
place 
Ongoing monitoring of hand 
hygiene 
Challenge  Monitoring systems are in 
place 
There is not comprehensive 
ongoing monitoring to inform an 
overview on the situation of 
WaSH in HCF 
Challenge Monitoring comprehensive 
of all WaSH dimensions 
WaSH is not the focus of 
surveillance in the country 
 
4.5.3. Italy 
Aspects of the enabling environment identified in Italy also included that the national standards 
and regulations considered emerging issues like Legionella spp. Moreover, Italy also assessed AMR in 
situational overviews of WaSH (Table 10)  
While the role of local agencies in the provision, maintenance, and monitoring of WaSH was well 
defined, the role of national or regional agencies was not. Additionally, comprehensive standards and 
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regulations, as well as a comprehensive overview of WaSH dimensions are not available in the county. 
Finally, it is unclear if any routine surveillance is required in Italy (Table 10). 
Table 10: Enablers and challenges present in Italy with respect to WaSH provision 
Dimension Enabler or 
Challenge 
Related Indicator Explanation 
Legal Framework 
 
Enabler Requirements are in line 
with emerging issues (e.g. 
Legionella, AMR, HAIs 
and sepsis) 
National standards and regulations 
include Legionella 
Enabler Requirements are in line 
with emerging issues (e.g. 
Legionella, AMR, HAIs 
and sepsis) 
Assessment on the situation of 
WaSH consider AMR 
Enabler Policy and Regulations are 
comprehensive of all 
dimensions of WaSH 
National standards and regulations 
do not consider sanitation 
Implementation 
 
Enabler Roles are clearly defined at 
the local level 
Responsibilities of provision and 
maintenance of WaSH defined at 
the local level 
Challenge Institutional roles are 
clearly defined 
Responsibility of monitoring 
WaSH conditions is not defined  
Challenge Institutional roles are 
clearly defined 
Role of national agencies in 
provision, maintenance, or 
monitoring of WaSH not defined 
Sector and service 
monitoring 
 
Challenge Monitoring systems are in 
place 
Comprehensive overview on the 
situation of WaSH not available 
Challenge Monitoring systems are in 
place 
Requirements for routine 
surveillance not available 
 
4.5.4. The Republic of Moldova 
Aspects of the enabling environment identified in The Republic of Moldova the requirements of 
routine surveillance for sanitation and hygiene, with enforcement mechanisms in place. Additionally, 
national standards and regulations consider WaSH, as well as medical waste management. Medical waste 
is assessed in ongoing monitoring programs (Table 11).  
While they have a wider scope than the other countries, the national standards and regulations of 
Moldova do not consider wastewater. The overview of the situation of WaSH and routine surveillance are 
also limited in scope and do not comprehensively represent all WaSH dimensions (Table 11).  
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Table 11: Enablers and challenges present in the Republic of Moldova with respect to WaSH 
provision 
Dimension Enabler or 
Challenge 
Related Indicator Enablers 
Legal framework 
 
Enabler A legal framework 
exists
  
National standards and regulations 
consider WaSH and medical waste 
Challenge Policy and Regulations 
are comprehensive of all 
dimensions of WaSH 
National standards and regulations 
do not consider wastewater 
Implementation 
 
Enabler Institutional roles are 
clearly defined 
Responsibility of national agencies 
in provision, maintenance, and 
monitoring of WaSH are defined 
Enabler Enforcement mechanisms 
are regulated/in place 
Enforcement mechanisms for the 
requirements of routine 
surveillance defined 
Challenge Roles are clearly defined 
at the local level 
Responsibility for provision, 
maintenance, or monitoring of 
WaSH not defined at the local 
level 
Sector and service 
monitoring 
 
Enabler Monitoring systems are in 
place 
Ongoing monitoring of water and 
medical waste management 
available  
Enabler Monitoring systems are in 
place 
Requirements for routine 
surveillance on sanitation and 
hygiene available 
Challenge Monitoring systems are in 
place 
Overview on the status of 
sanitation, hygiene, and 
wastewater not available 
Challenge Monitoring 
comprehensive of all 
WaSH dimensions 
Requirements for routine 
surveillance are not 
comprehensive of all dimensions 
of WaSH 
 
4.5.5. Serbia 
Aspects of the enabling environment identified in Serbia included well-defined responsibilities 
for the provision, maintenance, and monitoring of WaSH at the national and local level. Additionally, the 
country reported both ongoing monitoring of hygiene and requirements for routine surveillance of WaSH 
in HCF. The Actors responsible for this surveillance are also defined (Table 12).  
While several WaSH dimensions are considered across policies and monitoring programs, 
national standards and regulations in Serbia do not consider hygiene, and an overview on the situation of 
water and sanitation is not available in the country. Enforcement mechanisms for surveillance 
requirements are undefined in Serbia (Table 12).  
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Table 12: Enablers and challenges present in Serbia with respect to WaSH provision 
Dimension Enabler or 
Challenge 
Related Indicator Enablers 
Legal framework 
 
Enabler A legal framework exists  National standards and regulations 
consider water, sanitation, 
wastewater and medical waste 
management 
Challenge Policy and Regulations 
are comprehensive of all 
dimensions of WaSH 
Hygiene is not considered in 
national standards and regulations 
Implementation 
 
Enabler Institutional roles are 
clearly defined 
Responsibilities for provision, 
maintenance, and monitoring of 
WaSH defined at the national level 
Enabler Roles are clearly defined 
at the local level 
Responsibilities for provision, 
maintenance, and monitoring of 
WaSH defined at the local level 
Enabler Institutional roles are 
clearly defined 
Actors responsible for routine 
surveillance are defined 
Challenge Enforcement mechanisms 
are regulated/in place 
Enforcement mechanism for 
routine surveillance requirements 
are not defined 
Sector and service 
monitoring 
 
Enabler Monitoring systems are in 
place 
Ongoing monitoring of hygiene is 
available 
Enabler Monitoring systems are in 
place 
Overview of wastewater and 
medical waste management is 
available 
Enabler Monitoring systems are in 
place 
Requirements for routine 
surveillance of WaSH are defined  
Challenge 
 
Monitoring systems are in 
place 
Overview on the situation of water 
and sanitation is not available 
 
4.5.6. Tajikistan 
Aspects of the enabling environment identified in Tajikistan included that medical waste 
management is considered in both national standards and regulations, as well as surveillance systems. 
Importantly, the actors responsible for surveillance are defined in the policies. Ongoing monitoring of 
water and sanitation was also reported by the country, while water is additionally covered in its national 
standards and regulations (Table 13).  
However, the national standards and regulations, as well as ongoing monitoring in Tajikistan, are 
not comprehensive of all WaSH dimensions. They do not consider hygiene or wastewater management. 
Additionally, the national or regional responsibilities related to the provision, maintenance, and 
monitoring of WaSH are not defined in national law. Finally, the enforcement mechanisms of surveillance 
systems are not defined (Table 13).  
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Table 13: Enablers and Challenges present in Tajikistan with respect to WaSH provision 
Dimension Enabler or 
Challenge 
Related Indicator Enablers 
Legal framework 
 
Enabler A legal framework exists  National standards and regulations 
consider water supply and medical 
waste management 
Challenge Policy and Regulations 
are comprehensive of all 
dimensions of WaSH 
National standards and regulations 
are not comprehensive of all 
WaSH dimensions 
Implementation 
 
Enabler Roles are clearly defined 
at the local level 
Responsibility of the provision and 
maintenance of WaSH is defined 
at the local level 
Enabler Institutional roles are 
clearly defined 
Actors responsible for routine 
surveillance are defined  
Challenge Institutional roles are 
clearly defined 
Responsibility of monitoring 
WaSH conditions is not defined 
Challenge Enforcement mechanisms 
are regulated/in place 
Enforcement mechanisms of the 
responsibilities of routine 
surveillance not defined  
Sector and service 
monitoring 
 
Enabler Monitoring systems are in 
place 
Ongoing monitoring of water 
supply and sanitation available 
Enabler Monitoring systems are in 
place 
Requirements for routine 
surveillance of WaSH and medical 
waste management defined 
Challenge Monitoring 
comprehensive of all 
WaSH dimensions 
Overview on the status of 
wastewater, hygiene, and medical 
waste management is not available 
5. Discussion  
To our knowledge, this is the first attempt to characterize the status of water, sanitation and 
hygiene (WaSH), including infection control procedures, surveillance, and impacts of hospital wastewater 
effluent on the natural environment in healthcare facilities (HCF) throughout the WHO European Region 
using systematic literature review and questionnaire analysis methods.  
The literature search revealed that WaSH-related deficiencies could propagate the spread of 
several infections in HCF. For example, the spread of Serratia marcescens, influenza, norovirus, and 
Clostridium dificile between patients was linked to ineffective infection control protocols within 
healthcare facilities. Outbreaks of both Legionella pneumophilia and Pseudomonas aeruginosa originated 
from the drinking water systems of hospitals in Greece and Hungary. These pathogens were 
infrastructure-related and outbreak control required interventions that improved water quality. 
 
Across the literature, a common concern for European healthcare facilities was the ability to 
control and prevent the spread of AMR infections. Nosocomial outbreaks were often connected to 
resistant strains of Staphylococcus aureus, Staphylococcus epidermidis, Enterobacter cloacae, 
Acinetobacter baumannii, Escherichia coli, and Klebsiella pneumoniae. However, the literature also 
revealed management techniques that were effective in curbing the spread of AMR and other healthcare-
associated infections. Increasing hand hygiene (HH) compliance among healthcare workers and 
implementing hospital surveillance systems were successful in stemming the spread of nosocomial 
infections, while techniques like SDDT had the potential to increase the prevalence of AMR pathogens in 
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HCF. Finally, we found that outbreaks were often department specific and adherence to strong infection 
control and prevention policies was particularly important in neonatal units, ICU’s, and in post-operative 
patients, representing populations with particularly vulnerable physical states.   
This was consistent with the findings of outside literature. The hands of healthcare workers have 
been identified as potential vehicles for the spread of infection from patient to patient (WHO, 2006), with 
a mechanism of action involving 5 critical steps (Pittet et al. 2006). Hand hygiene among health care 
workers interrupts these steps and stops the propagation of infection (Pittet et al. 2006). Indeed, in a 
review of the impact of HH compliance on healthcare associated infections (HCAI), 21 out of 24 HH 
interventions implemented in a hospital setting from 1977 to 2008 were able to reliably show sustained 
compliance and a temporal association with hygiene uptake and a decrease in HCAI prevalence 
(Allegranzi & Pittet, 2009). Despite the documented benefits of HH, compliance rates remain low at 40% 
in ICUs and between 50-60% in other departments, on average (Erasmus et al. 2010). While compliance 
rates in ICUs were lower than other departments, the majority of documented HH interventions took place 
in neonatal or adult ICUs, demonstrating that increasing compliance could improve outcomes for these 
especially-vulnerable patients (Allegranzi & Pittet, 2009).  
 
Also important to controlling the spread of nosocomial infections was the identification of 
environmental reservoirs that had the potential to spread disease. Within HCFs, endoscopes, dental tools, 
dialysis units, ultrasound equipment, cell phones, and clothing were identified as fomites that contribute 
to the spread of nosocomial infections. The role of cell phones in the spread of nosocomial infections has 
been well documented, but, because these are personal items and not standard equipment of the HCF, 
they may not be subject to the same sterilization requirements as other potential fomites (Borer et al. 
2005; Jeske et a. 2007; Karabay et al. 2007; Sadat-Ali et al. 2010). Therefore, there is a need for hygiene 
rules that include cell phone use and sterilization within the HCF.  Outside, HCFs can threaten the 
integrity of surrounding waterways. The literature showed that hospital effluent contributed AMR 
organisms into waterways because municipal water systems were unable to sufficiently remove these 
pathogens through standard wastewater treatment. This phenomenon has been documented elsewhere 
(Varela et al. 2013), in which hospital wastewater has been shown to contribute not only AMR organisms, 
but also antibiotics and other pharmaceuticals into surrounding waterways (Boillot et al. 2008; Verlicchi 
et al. 2012). One hypothesis for the breakdown of traditional wastewater treatment is that the presence of 
antibiotics inactivates important bacteria in the treatment process (Al-Ahmad et al. 1998) 
 
Finally, the HCF types that displayed particular trouble in controlling infections related to WaSH-
deficiencies were dental practices, long-term care facilities, and nursing homes. Water quality 
deficiencies and inadequate sterilization and disinfection of equipment put patients in dental facilities at 
risk of healthcare associated infections. Long-term care facilities and nursing homes had difficulty 
controlling the spread of AMR infections within their patient populations and represent a potential source 
for AMR outbreaks in the healthcare system. Care facilities for the elderly are of particular importance 
because these facilities will need to meet growing demand from an especially vulnerable population. 
The questionnaire was designed to complement this systematic literature review by filling in 
some of the gaps remaining after data synthesis. These gaps included country-specific data on the legal 
and monitoring framework surrounding WaSH in HCF, as well as the enabling environment that impacts 
the provision of adequate WaSH. Thus, the questionnaire collected data on national policies, programs, 
responsibilities, and monitoring tools related to WaSH in six WHO Europe member countries: Georgia, 
Hungary, Italy, The Republic of Moldova, Serbia, and Tajikistan.  
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While the literature revealed the impact on the natural environment that hospital effluent can 
have, national policies still largely focus on the solid waste leaving hospitals. Healthcare-associated 
infections, AMR genes, and chemical toxicants can enter water bodies from hospital effluent (Blanch et 
al., 2002; Yilmaz et al, 2016), but the national standards and regulations reported in the country briefs 
show a gap in wastewater-related policies. Serbia is the only country that reports a national standard or 
regulation for HCF wastewater. Conversely, all countries except Hungary report a national standard or 
regulation around solid medical waste management.  
The questionnaire analysis also showed that the meaning or feasibility of "sustainability" is not 
consistent across countries.  Several countries: Hungary, Italy, and Moldova, have national programs or 
strategies to reduce waste, increase energy efficiency, implement renewable energies, or reduce water 
usage. Georgia reported no programs aimed at sustainability at all. The remaining countries (Serbia and 
Tajikistan) reported policies that improve sanitation systems, implement medical waste management, and 
ensure a safe water supply for the means of protecting public health. This spectrum of the interpretation of 
“sustainability” could introduce a complex problem for policy- and decision-makers, who must define 
what sustainability means for their country. However, it could also signal an opportunity for innovation. 
“Leapfrogging” has long been discussed in terms of developing countries moving directly to renewable 
forms of energy (Goldemberg, 1998). There could also be an opportunity to leapfrog other WaSH 
technologies in countries like Tajikistan, which is still struggling to secure a safe water supply, and 
introduce sustainable water use.  
Policy- and decision-makers must consider emerging threats when developing programs aimed at 
sustainability, but many countries did not appear to. In fact, Moldova was the only country to report a 
program with an explicit goal to increase resiliency in the face of climate change. The integration of 
resilience into sustainability programs has been successfully piloted in the United Kingdom where it lead 
to more comprehensive environmental management strategies (Achour et al., 2010). Successful 
environmental management in the face of climate change will also require cooperation at the national, 
regional, and local level, with clearly defined roles and responsibilities (Frumkin et al., 2011). This 
highlights the challenges many countries had with defining the responsibilities of providing and 
monitoring WaSH. Creating a comprehensive sustainability strategy and defining roles and 
responsibilities at all levels of government should be included in the discussion of sustainability in 
healthcare to create truly resilient facilities.    
There were several limitations to this study, including that the peer-reviewed and grey literature is 
not equally distributed across all European countries. Our results came from 20 countries, leaving 33 
member countries of the WHO European region. Areas like the U.K., France, Germany, and Southern 
Europe were well represented in our results, with few data from Eastern Europe, Central Asia, and 
Western Asia. This review excluded studies that were not in English, which could have led to the 
exclusion of relevant data and introduced bias into the dataset of selected studies. Finally, in the course of 
work, several additional terms were identified that merit inclusion in the systematic review search strings 
of future reports: disinfection, contamination, and decontamination.  
6. Conclusion 
This report represents the first attempt to characterize the status of WaSH in HCF throughout the 
entire WHO European region using a systematic literature review and questionnaire analysis. Together, 
these methods reveal gaps between literature and practice which highlight potential policy foci to improve 
the status of WaSH in HCF: recognizing that the provision of WaSH can improve IPC, improving 
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treatment of hospital waste, prioritizing emerging issues like AMR and Legionella spp, and ensuring 
climate change resiliency in HCFs. Based on the literature, future interventions should consider WaSH’s 
integral role in IPC within healthcare facilities, unique environmental reservoirs and settings that can also 
impact healthcare provision, and the unique threat introduced by AMR infections and Legionella spp 
within and outside the healthcare-facility environment. Based on questionnaire, future assessments should 
examine the type and scope of wastewater policies, the presence of wastewater monitoring, and the scope 
of sustainability programs. Furthermore, more research is needed to determine whether existing policies 
or programs have been fully implemented and how the success of policies or programs is monitored over 
time. 
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Appendix 1: Search String 
Environmental Factor Terms 
water OR latrine OR toilet OR plumbing OR 
ventilat* OR handwashing OR hygiene OR 
Washing OR “WaSH basin” OR soap OR 
sanitation OR waste OR “infectious waste” OR 
“hazardous waste” OR “medical waste” OR 
“surface water” OR “water source” OR “hand 
rub” OR environmental pollution[MeSH] OR 
“hospital wastewater” OR “hospital effluent” OR 
infection control[MeSH] 
Factor Outcome Terms 
disposal OR pollut* OR “waste management” OR 
“hygiene management” OR “resource 
management” OR “emergency management” OR 
energy OR power OR electricity OR “cleaning 
products” OR “pharmaceuticals” OR 
“environmental health” OR “environmental 
quality” OR “wastewater treatment” OR “water 
treatment” OR “infection prevention”  
Health Impact Terms 
“antimicrobial resistance” OR “antibiotic 
resistance” OR “outbreak” OR “sterilization” OR 
“human health” OR “healthcare acquired 
infection” OR “hospital acquired infection” OR 
“nosocomial” OR “surgical site infection” 
Hospital Term 
hospital OR “health center” OR maternity OR 
dispensary OR clinic OR “health post” OR health 
policy[MeSH] OR “health officer” OR 
“healthcare facility” OR health facility[MeSH] 
Country Terms 
Europe[MeSH] OR Europe* OR Albania OR 
Andorra OR Armenia OR Austria OR Azerbaijan 
OR Belarus OR Belgium OR Bosnia and 
Herzegovina OR Bulgaria OR Croatia OR Cyprus 
OR Czech* OR Denmark OR Estonia OR Finland 
OR France OR Georgia OR Germany OR Greece 
OR Hungary OR Iceland OR Ireland OR Israel 
OR Italy OR Kazakhstan OR Kyrgyzstan OR 
Latvia OR Lithuania OR Luxembourg OR Malta 
OR Monaco OR Montenegro OR Netherlands OR 
Norway OR Poland OR Portugal OR Moldov* 
OR Romania OR Russia* OR San Marino OR 
Serbia OR Slovakia OR Slovenia OR Spain OR 
Sweden OR Switzerland OR Tajikistan OR 
Macedonia* OR Turkey OR Turkmenistan OR 
Ukraine OR “United Kingdom” OR “Great 
Britain” OR “Northern Ireland” OR Uzbekistan 
OR England OR Britain 
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Appendix 2: Adapted Search Strings 
Database Search String 
Conference Proceedings Citation Index 
Water OR sanitation OR hygiene OR waste OR 
“infection prevention” OR “infection control” 
hospital OR “health center” OR maternity OR 
dispensary OR clinic OR “health post” OR “health 
officer” OR “healthcare facility” 
Europe* OR Albania OR Andorra OR Armenia OR 
Austria OR Azerbaijan OR Belarus OR Belgium OR 
Bosnia and Herzegovina OR Bulgaria OR Croatia OR 
Cyprus OR Czech* OR Denmark OR Estonia OR 
Finland OR France OR Georgia OR Germany OR 
Greece OR Hungary OR Iceland OR Ireland OR Israel 
OR Italy OR Kazakhstan OR Kyrgyzstan OR Latvia 
OR Lithuania OR Luxembourg OR Malta OR Monaco 
OR Montenegro OR Netherlands OR Norway OR 
Poland OR Portugal OR Moldov* OR Romania OR 
Russia* OR San Marino OR Serbia OR Slovakia OR 
Slovenia OR Spain OR Sweden OR Switzerland OR 
Tajikistan OR Macedonia* OR Turkey OR 
Turkmenistan OR Ukraine OR “United Kingdom” OR 
“Great Britain” OR “Northern Ireland” OR Uzbekistan 
OR England OR Britain 
Google Scholar 
Europe 
hospital OR “health center” OR maternity OR 
dispensary OR clinic OR “health post” OR “health 
officer” OR “healthcare facility” 
Water OR sanitation OR hygiene OR waste OR 
“infection prevention” OR “infection control” 
Open Grey “water, sanitation, hygiene” “health care facilities” 
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Appendix 3: Study Summary tables  
Appendix 3.1: Coverage 
 Coverage 
Citation Country Setting WaSH Dimension Key Findings  
Rita Szabó, 
2015 
Hungary Long-term care 
facilities;  
Handwashing/ 
Hygiene 
Median consumption of ABHR and antimicrobial soap was 15.5L per LTCFs, and 2.2 mL 
and 12.1 mL ) per HCWs in 2013, respectively; 0.6 hygienic hand rub/ HCW per day and 
2.4 hygienic handwashing/HCW per day 
Smith et al., 
2009 
Scotland dental practices; 
national 
Sanitation of 179 surgeries, 99% had hand pieces cleaned before disinfected or autoclaved; most 
manually cleaned by disinfectant impregnated cloth, then put in steam sterilizer 
Inglis, 1991 U.K. Hospital/ 
ICU 
IPC identify inappropriate procedures and suggest priorities for future infection control 
practice in the ICU 
Peters, 2014 Germany Nursing homes IPC Nursing homes were equipped to respond to multidrug-resistant organisms (MDROs), 
training and standards were in place. However, there were deficiencies in communication 
of information on infected residents with hospitals and general practitioners 
Goren, 2011 Turkey Healthcare 
facilities 
Waste management Recommendations were developed for improved waste separation, transportation and 
disposal 
Soysal, 2010 Turkey Healthcare 
facilities 
 
Waste management  To provide a safe health-care waste management metropolitan municipality must provide 
hazardous waste separation in health institutions, establish sterilization units for 
infectious waste, and provide the last storage of medical waste in completely different, 
safe and special areas apart from the municipal waste storage areas. 
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Mehmet 
Emin 
Birpinar 
(2008) 
Turkey 192 private and 
public hospitals in 
Istanbul 
metropolitan area 
Waste management This study showed that an estimate of around 22 tons’/day medical waste (0.63gk/bed-
day) is generated in the Istanbul metropolitan area. Separation of recyclable reaches rates 
of up to 83% but approx. 25% of the hospitals still use inappropriate containers for 
medical waste collection. Almost 77% of the hospitals use appropriate equipment for 
collection personnel. 
 
Appendix 3.2: Diseases related to deficient WaSH 
 Disease Outcomes Related to Deficient WaSH 
First 
author, 
Year 
Country Study summary Infectious agent Process Deficiencies Strategies for prevention or management 
Dijk, 2002 Netherlands Outbreak analysis among 
neonates in a teaching hospital 
with a 12 bed neonatal unit 
Enterobacter cloacae  The children are not 
routinely screened for 
bacterial colonization, 
insufficient hygiene 
measures  
Direct measures taken included cohorting of 
infected children, disinfection of incubators, 
thermometers and wards, and screening 
patients. After the introduction of disposable 
thermometer covers, E. cloacae colonization 
slowly decreased. 
Neylon, 
2010 
Ireland Outbreak analysis among 
neonates in a maternity hospital 
Staphylococcus aureus Lack of routine staff 
screening 
Routine neonatal and staff screening as 
preventive outbreak measures 
Thorburn, 
2004 
U.K.  Outbreak analysis among children 
in a pediatric intensive care unit 
respiratory syncytial 
virus (RSV) infection  
(1) that a breakdown in 
barrier precautions resulted 
in nosocomial RSV cases 
and reinforcement of basic 
droplet precautions 
addressed this breach; (2) 
persistent shedders of RSV 
are an important source of 
nosocomial RSV infection; 
(3) there is an increased 
incidence of nosocomial 
RSV infection in patients 
with congenital heart 
disease, chronic lung 
disease, airways 
abnormalities and 
immunosuppression. 
This study demonstrated that basic droplet 
precautions rather than the physical barrier 
of an isolation cubicle more effectively 
curtails nosocomial RSV spread 
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C.M. 
Herra 
Ireland Outbreak Analysis among 12 
patients In ICU 
Serratia murcescens  Unable to adequately handle 
resistant strains 
Strict hygiene measures adopted, 
contaminated macerator and sluice room 
thoroughly cleaned, patients involved 
isolated/cohorted together 
Ricardo 
Bou (2004) 
Spain retrospective cohort study among 
patients with S. epidermidis 
mediastinitis, endocarditis, or both 
after valve implantation in a 260-
bed community referral center 
staphylococcus 
epidermidis 
Insufficient post-operative 
IPC 
Cause of this protracted outbreak was likely 
multifactorial, reemphasis of already 
existing policies and guidelines were 
associated with the resolution of the 
outbreak 
B. Semin-
Pelletier 
(2015) 
France Microbiological assessment of 
patients affected by an outbreak in 
a 3000 bed university affiliated 
tertiary care center  
carbapenemase 
producing Klebsiella 
pneumonia 
Insufficient 
decontamination of sites in 
contact with Patient Zero 
initial control measures failed to eradicate 
this outbreak, late implementation of 
successive cohort units, high numbers of 
transfers between wards as well as 
readmissions of cases made control of the 
scenario more difficult. Hand hygiene 
observance and safe collection and disposal 
of urine and feces remain important standard 
precautions. National and regional policies 
are necessary to help hospitals confronted 
with outbreaks like this one 
Stefan 
Hagel 
(2016) 
Germany Single-center retrospective study 
among all adult patients (older 
than 18 years) with laboratory 
confirmed influenza infections in 
a 1400-bed tertiary care center 
influenza virus Molecular biological 
identification of influenza 
virus does not allow 
distinction between 
infectious and non-
infectious viruses 
WHO hand hygiene guidelines have to be 
enforced, health care workers are identified 
as potential sources of transmitters, benefits 
of vaccination have to be educated among 
nurses and medical doctors, hygiene 
management has to be strengthened  
C. F Haill 
(2012)  
England Comparison of two NoV outbreak 
scenarios in a 1200-bed teaching 
hospital 
human norovirus cross patient infection a twofold approach to limit the operational 
impact of outbreaks. First symptomatic 
patients are cohorted in single rooms or bays 
to contain the outbreak without losing the 
entire ward, second, patients were decanted 
in single rooms (when those get free) in 
order to be able to clean the affected areas in 
shorter time: this lead to a significantly 
shorter duration of closure  
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Aida 
Bianco 
(2016) 
Italy Outbreak analysis of 8 patients in 
the ICU of a 165 bed teaching 
hospital  
extensively drug 
resistant Acinetobacter 
baumannii 
not defined Integration of epidemiological and 
microbiological data in combination with 
the application of infection control measures 
could be shown to be crucial to bring an 
outbreak to a rapid halt. Fundamental role of 
molecular typing to determine strategy could 
be confirmed as well as the strict adherence 
to outbreak and infection control measures 
in place 
Yiallouros 
(2013) 
Cyprus Outbreak analysis of airborne 
legionella in neonatal ward caused 
by a cold mist ultrasonic 
humidifier 
Legionella 
pneumophilla 
colonization of cold mist 
ultrasonic humidifier 
an environmental investigation revealed that 
a cold mist ultrasonic humidifier led to the 
outbreak with legionella. It was determined 
that the neonates were infected while in the 
nursery of a private hospital by 
contaminated water in a humidifier. These 
devices must be avoided in nurseries due to 
the risk of disseminating  into the room air. 
Mihail R. 
Halachev 
(2014) 
England Utilization of whole genome 
sequencing to determine infection 
routes of an acinetobacter 
outbreak in a tertiary health care 
facility  
multi drug resistant 
Acinetobacter 
baumannii 
limitation on genomic 
detection methods  
The study could show that genomic 
techniques such as whole genome 
sequencing have the potential to make an 
impact on hospital infection prevention and 
control by delivering a cost-effective tool to 
identify routes of infection (by pointing out 
closely related strains) within a clinically 
relevant timeframe. This might allow 
infection control teams to track (and 
eventually prevent) the spread of drug 
resistant pathogens. 
Hanne M. 
Erikesn 
(2004) 
Spain description of a gastro-enteritis 
outbreak among Nordic patients 
and staff in a specialized health 
center  
norovirus Environmental hygiene The outbreak occurred among Nordic 
patients with psoriasis as well as personnel 
of the center. Affected fell ill with vomiting 
and diarrhea (or both) and some had to be 
hospitalized. Investigation on the source of 
the outbreak point at food handlers who are 
reported to fell sick right before the 
outbreak. Control measures included strict 
hygiene measures and the banning of 
buffets. 
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O'Connor, 
2016 
Ireland retrospective microbiological and 
epidemiological review of three 
separate, but affiliated healthcare 
centers impacted by a single 
pathogen 
New Delhi metallo-b-
lactamase (NDM)-1 
carbapenemase-
producing 
Enterobacteriaceae 
Not identified, screening 
policy identified 
colonization 
modification of antimicrobial stewardship 
O'Connor 
et al., 2017 
Ireland investigation of mother to neonate 
transmission of disease in the 
NCU of a hospital 
E. coli failure to screen neonates 
for exposure upon 
admittance 
now all neonates admitted to the NICU are 
screened for ESBL-producers and the 
mothers are screened as well 
Marie 
Laurence 
Lambert 
(2011) 
Multiple (10) Cohort study to determine the 
clinical outcomes of HAI and 
AMR in patients admitted to 
European IC units 
HAI bloodstream 
infections and 
pneumonia  
Inadequate IPC HAI bloodstream infections and pneumonia 
could be found to greatly increase mortality 
and length of hospital stay (in ICU) which 
leads to increased morbidity and mortality 
as well as costs for the health care system. 
Additional effects on most common ARS 
patterns were comparably low.  
 
Appendix 3.3: Impacts on the Natural Environment 
Impacts on the Natural Environment 
First author, 
Year 
Country Study Summary Exposure of Concern Sample type Strategies for prevention or management 
Pierrette Landrie 
Simo Tchuinte 
(2016) 
France and 
Luxembourg 
antibiotic resistance 
class 3 integrons in 
gram negative bacteria 
were isolated from 
hospital sewage and 
characterized 
potential exposure to 
ARM 
hospital waste water risk for horizontal gene transfer in the aquatic 
environment which could amplify the virulence of 
environmental strains 
A.R. Blanch 
(2002) 
Spain, Sweden 
and England 
ARG were analyzed in 
more than 400 raw and 
treated urban 
wastewaters, receiving 
surface waters and 
hospital wastewaters  
ARG transfer caused by 
erythromycin and 
vancomycin resistant 
enterococci species 
hospital waste 
water, raw water 
and treated urban 
waste water 
forth tier waste water treatment since conventional 
waste water treatment seems to be insufficient to 
remove VRE and ERE from the waste water, better 
antibiotic stewardship 
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Gulsum Yilmaz 
(2016) 
Turkey chemical, 
toxicological and 
microbiological 
assessment of waste 
water samples 
exposure to a variety of 
potentially hazardous 
compounds in the waste 
water under investigation 
hospital waste water 
grab sample  
conventional wastewater treatment appears to be 
insufficient, fourth tier treatment including advanced 
oxidation and/or adsorption is proposed to reduce the 
chemical load and toxicological effects of the hospital 
discharge 
Felfoldi, 2009 Hungary cross-sectional 
drinking water 
distribution system of 
a hospital 
Legionella and 
Pseudomonas aeruginosa 
Drinking water 
distribution system 
Insufficient detection limits associated with the 
conventional use of small sample volumes and the 
questionable correlation between indicator bacteria 
and the microbiological quality of water highlight the 
need for changes in drinking water monitoring.  
Roland Leclercq, 
2013 
France Culture based study antibiotic resistance in 
Enterococcus spp.  
Surface waters wastewater treatment did not result in a specific 
removal of E. faecium 
Jerome Ory 
(2016) 
France evaluation of hospital 
effluent WDS biofilms 
potential exposure to 
ARM 
hospital waste water risk for horizontal gene transfer in the aquatic 
environment which could amplify the virulence of 
environmental strains 
Servais, 2009 France longitudinal antimicrobial resistant 
bacteria 
Surface waters high frequency of multiple antimicrobial resistant 
bacteria (e.g. E. coli and intestinal enterococci) 
Velonakis, 2012 Greece longitudinal Legionella hospital hot and 
cold water systems 
and cooling towers 
Reemergence of Legionella spp. colonization was 
evident in more than half of the hospitals where 
frequent monitoring and appropriate risk assessment 
plans were absent or lacking Environmental risk 
assessment together with Legionella isolation should 
be enforced systematically in hospitals. 
Sadowy, 2014 Poland longitudinal Drug-resistant 
Enterococcus faecium 
wastewater 
treatment plant 
(WWTP) effluent 
survival of drug-resistant Enterococcus faecium in 
WWTP effluent better understand the survival and 
spread of drug-resistant strains in water ecosystems  
Lotte Jakobsen 
(2008) 
Denmark microbiological 
assessment of 
wastewater  
potential exposure to 
ARM 
Wastewater samples 
collected from the 
outlet of the 
hospital bed wards 
and the inlet of the 
WWTP. Compared 
to residential area 
waste water.  
a total of 38 gentamicin resistant E. coli has been 
isolated from patients, 15 from hospital outlets and 21 
from residential area wastewater. Possible spread of 
certain types of resistant bacteria from hospital to the 
wastewater; better antibiotic stewardship is 
recommended and fourth tier waste water treatment 
facilities such as ozone, UV or active carbon are 
mentioned 
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Caroline 
Bréchet, 2014 
France Sampling study Extended-Spectrum β-
Lactamase– Producing 
Escherichia coli 
wastewater 
treatment plant 
(WWTP) effluent 
The treatment at the waste water treatment plant led 
to the relative enrichment of ESBLEC 
Carla Novais 
(2004) 
Portugal study to investigate to 
level of vancomycin 
resistant enterococci 
from hospital waste 
water in Portugal 
vancomycin resistant 
enterococci 
26 sewage sample 
were collected in 
urban sewers. 12 
samples were 
originated upstream 
of the hospital and 
14 directly at the 
outlet 
Several VRE with different resistances could be 
identified during the study. The data suggests that 
both particular clones and mobile elements carrying 
AR and virulence factors from clinical waste could 
continuously contaminate the community 
environment. Reducing the amount of bacteria as well 
as genetic elements should be priority to avoid the 
buildup of environmental reservoirs of antibiotic 
resistance. 
Harris et. al, 
2013 
Ireland study, investigation AMR E.coli water from two 
wastewater 
treatment plants- 
one that receives 
and treats hospital 
effluent, and one 
that does not 
E. coli expressing resistance to ampicillin, 
streptomycin, cefoxitin, and cefotaxime) showed no 
change in prevalence with the release of hospital 
effluent--->  while some 'hospital specific 
antimicrobial agents' (ciprofloxacin) showed an 
increase in antimicrobial resistance with the release of 
hospital effluent---->  overall, the effect of hospital 
effluent is highly variable and antimicrobial specific; 
hospital effluents that contain newer antimicrobials 
should be kept separated to prevent development of 
further antimicrobial resistance  
Mariagrazia 
Perilli (2013) 
Italy waste water samples 
were collected from 
hospital and urban 
sewage effluents 
before and after 
municipal treatment 
potential infection with 
ARM 
hospital and urban 
waste water before 
and after treatment 
eradication of carbapenemase resistant K. 
pneumoniae should be an important goal in clinical 
therapy. Therefore it is crucial to identify and 
eliminate the nosocomial structures and to come up 
with an effective intervention to limit occurrence in 
the environment. 
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Kenny Oberlé 
(2012) 
France water samples were 
extracted from river 
plant continuum 
downstream of a 
hospital to evaluate e. 
coli antibiotic 
relationship 
infection with hospital 
associated ABR e. coli 
surface water 
influenced with 
hospital waste water 
Multi residue chemical analysis methodology was 
used to assess if low levels of contamination by 32 
antibiotics are related to antibiotic resistance of E. 
coli. Two of the AB persisted in the environment and 
did not correspond with the majority of AB 
resistances in E. coli. Still, it is highly recommended 
to replace the persistent AB with those degradable to 
lower the ecotoxicologixal risk. 
 
Appendix 3.4: Prevention and Management of infections in Healthcare Facilities 
Prevention and Management of Infections in the Healthcare Setting 
First author, 
Year 
Country Study Summary Setting Outcomes 
Gastmeier, 2011 Germany Longitudinal to analyze two 
surveillance systems (a hospital 
based or a unit based) leads to a 
greater decrease in incidence density 
of nosocomial MRSA 
Hospital/ICU A unit-based approach of surveillance and feedback seems to be 
more successful in decreasing nosocomial MRSA rates, 
compared to a hospital-based approach 
W. A. Coulter 
(2001) 
England and 
Wales 
research article to evaluate the 
knowledge and training of medical 
personnel (n=700, response rate 
53.1% (372)) in England and Wales. 
Also to determine the frequency and 
method of autoclave testing in 
general practice 
anonymous postal 
questionnaire and 
autoclave performance 
survey using biological 
indicators  
82% of the practices under investigation operate autoclaves (14% 
of the practices state that they own but do not use an autoclave). 
84% of the practitioners surveyed perceive the behavior of some 
of their patients to place them at risk of obtaining virus based 
disease such as AIDS or Hep. Autoclaves are used on average 
2.8 times per day and only 3% failed to sterilize the indicator 
spores.  
It has to be mentioned that almost half of the recipients of the 
questionnaire stated that they received special training on how to 
handle the autoclave. Therefore, the authors ask for policy 
formulation, implementation and education to improve 
knowledge and practice of infection control . 
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C. Schröder 
(2015) 
Germany research article to evaluate the 
effectiveness of a large scale HAI 
surveillance program to reduce the 
effects of primary bloodstream 
infections and lower respiratory tract 
infections 
8 year study in 913 
ICUs, 142 non-ICU 
wards and 241 neonatal 
intense care units to 
evaluate a German HAI 
surveillance program 
participating in a national surveillance system and using 
surveillance data for internal QM leads to substantial reduction 
of HAI and helps identifying potential risk factors which might 
have been undetected otherwise.  
Kaiser, 2014 Netherlands Prospective  study Use health care 
associated infection surveillance 
data to support better decision 
making 
Intensive care reduction in manual surveillance of hospital acquired infections, 
which reduced workload and costs 
M. Eveillard 
(2001) 
France implementation of an isolation 
scheme to prevent and control multi 
resistant bacteria 
teaching hospital The MRB incidence decreased significantly in all types of 
specialties except for surgical wards. The incidence decreased by 
17.9% for MRSA, 54.9% for ESBL and 34.8% for both MRB. 
Availability and consumption of antiseptic soap (one of the 
implementations) increased significantly, the results show the 
efficacy of the program in a large hospital if both availability and 
compliance of hand hygiene as well as isolation is coordinated 
and enforced. 
Diler Coskun 
(2007) 
Turkey active prospective and lab based 
surveillance program to evaluate 
nosocomial infections after 
cardiovascular surgery 
tertiary health care 
facility in Istanbul, 
Turkey 
14,502 cases of surgery resulted in 416 patients showing 492 
nosocomial infections resulting in increased morbidity and 
mortality and elongated hospital stay; the study allowed an 
evaluation of nosocomial infections in the hospital under 
investigation (including incidence and distribution) following 
cardiovascular surgery. Risk factors need to be further 
investigated to allow a sufficient and adequate avoidance of NI 
and/or their treatment. 
Barret, 2014 France Surveillance for outbreaks Elderly long term care 
facilities (LTCF) 
Substantial morbidity and mortality, and high antibiotic 
resistance among staff and residents; Development of infection 
prevention and control plans at LTCF and to notify any 
gastroenteritis outbreak to health authorities to ensure that they 
are rapidly controlled; Understaffing and organizational 
problems in facilities were primary contributors to hygiene 
deficiencies 
Beckman, 2011 Germany cross-sectional to evaluate current 
clinical practices in cardiac surgery 
concerning the prevention and 
management of sternal wound 
infections 
cardiac surgery units  adherence to good practice guidelines; improved good hygiene 
practice in surgical units and correct preoperative antibiotic 
administration 
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Smith, 2009 U.K. Cross-sectional: examine the 
management policies and procedures 
associated with infection control and 
instrument decontamination  
Dental practice Study found that although the majority of surgeries (70%) 
claimed to have a management policy on infection control, only 
50% of these were documented. Recommendations were made 
for improved training and documentation of infection control 
practices 
Houben, 2013 Netherlands Longitudinal study evaluating trends 
in antibiotic resistance among Gram-
negative bacteria in ICUs using and 
not using Selective oropharyngeal 
decontamination (SOD) and 
selective decontamination of the 
digestive tract (SDD)  
Hospital  38 Dutch ICUs Studies evaluating the clinical benefits and ecological safety of 
these measures in settings with different bacterial ecology are 
warranted, as well as studies on the impact of SOD and SDD on 
resistance after their discontinuation. 
Cunney et al., 
2006 
Ireland nation-wide questionnaire survey 
assessing the status of nosocomial 
infection prevention and control 
with regards to national guidelines 
68 acute hospitals in 
Ireland 
First comprehensive surveillance of Irish hospitals regarding 
nosocomial infection prevention and control, revealing areas in 
need of improvement and areas of strength  
Zahra Sheriteh, 
2010 
U.K. In vitro microbiological study 
investigating the effectiveness of 
currently recommended 
decontamination procedures 
Dental Practice The five methods of decontaminating TCDBs investigated in this 
study were effective in removing viable S. mutans 
P. E. Benson, 
2007 
U.K. A prospective, cross-sectional, 
clinical and laboratory investigation 
measuring the effectiveness of 
ultrasonic cleaning for 
decontaminating orthodontic molar 
bands 
Dental Practice There is a need to investigate effective means of 
cleaning organic material from orthodontic bands if they are to 
be sterilized and reused 
R. Shah (2009) England hospital-based cross-sectional study 
investigating UK orthodontic 
departments 
Hospital "UK orthodontic departments have implemented 
policies and procedures which would ensure a high standard of 
cross infection control. In particular, this related to the 
decontamination of surfaces and instruments, the use of personal 
protection and disposal of clinical waste. Most departments had 
policies and procedures in place for staff education and training 
in cross infection control and personal protection." 
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Appendix 3.5: Environmental Management of the Healthcare Facility 
Environmental management of the healthcare facility   
First author, 
Year 
Country Setting Outcomes 
Elhassan, 2012 U.K. Health care equipment Non-disposable tourniquets are contaminated with MRSA.  Disposable tourniquets were recommended 
for MRSA prevention measures. 
Bagg, 2006 U.K. Dental practice The study determined the cleaning of re-usable dental instruments is undertaken using poorly controlled 
processes and procedures, which increase the risk of cross infection. The study then recommended that 
clear and unambiguous advice must be provided to the dental team and implement quality assurance 
procedures at each stage of the cleaning process. 
Holy, 2013 Czech Republic Hospital Reported finding Legionella pneumophilla and recommended disinfection of flush tanks with chlorine 
agents 
Brady, 2011 U.K. Inpatients on 
surgical/urological wards in 
hospitals 
Prevent bacteria transmission between patients in inpatient settings 
Klaus 
Oberdorger 
(2007) 
Germany Hospital 2012 samples were taken and 747 were positive for L. pneumophilla. 19 different genotypes could be 
identified; Even though the hospitals were not located at the same location and each had its own warm 
water supply, identical strains could be identified. Contamination of water supplies seemed to be 
dominated by the stable genotypes, even after various control measures. Additional genotypes could be 
isolated sporadically, pathogenic relevance seemed to be questionable, though. 
van den Dool, 
2016 
Netherlands Nursing home low hygiene conditions in nursing homes, Model results demonstrate nursing homes are sufficiently 
connected to the hospital network to drive national epidemics; Nursing homes should be considered in 
planning for regional and national infection control and surveillance initiatives 
Liza F. White 
(2007) 
Scotland Hospital/ICU little difference between the methods under investigation, recommendation to "choose to cheapest 
(method) in a cash-strapping facility". One method (wet scrub) showed long lasting effect and is 
recommended for outbreak situations and high-risk units 
M. Vassey 
(2010) 
England instruments submitted by 30 
dental surgeries in South 
West England were 
analyzed for residual protein 
levels 
several shortcomings in cleaning chemistries and operation of the automatic washer disinfector became 
obvious. Manual washing plus ultrasonic was significantly less effective.  
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I. P. Lipscomb 
(2006) 
England and 
Ireland 
surgical instrument sets 
have been acquired from 
anonymous hospitals in 
NHS primary care SSDs and 
analyzed before and after 
routine sterilization 
overall standard for cleaning of surgical instruments has to be raised in order to fulfill the European 
Standards and to reduce the risk of cross patient contamination and iatrogenic transmission 
Smith, 2010 U.K. Dentistry improved design and construction of purpose-built areas for dental surgeries 
Berthelot, 1998 France Hospital 80% case-fatality rate led to Ventilation procedures were revised; sterile water was used on respiratory 
equipment; and regular monitoring 
Cummins, 2016 U.K. Hospital Main finding was that contact between the infected and susceptible patient is a key driver of the spread 
of infection. This was evidenced in outbreak control being more difficult to achieve in a hospital with 
Nightingale-style wards and limited isolation facilities. 
Fernanda 
Perdelli (2008) 
Italy  tertiary health care facility Occupational exposure to glutaraldehyde should be avoided and policies are in place to ensure it. Still, a 
variety of factors could be identified which could endanger cleaning staff, patients and visitors. 
Continual assessment is essential if it is to ensure that the high quality of hospital air is maintained. 
Effective structural and organizational measures can help minimize the risk posed by the disinfectant in 
the workplace.  
Ozdemir, 2010 Turkey intensive care unit (ICU) 
and operating rooms (OR) 
Monitoring airborne particles can assess air control efficiency in units equipped with high- efficiency 
particulate air filters by reference to the clean-room classification established by the European Union and 
in US guidelines 
Aygun 2002 Turkey 56 environmental swab 
samples (e.g. patient beds, 
ventilators, cables etc.) 
several months after an outbreak of a carbapenemase resistant a. baumannii, several environmental 
samples of the same ICU were identified as reservoirs of the same strains. Obviously, the infection 
control measures in place were insufficient to prevent this colonization. Improved guidelines, better 
education and appropriate antibiotic treatment plan should be implemented to avoid repetition of such a 
scenario. 
Dancer, 2008 U.K. Unspecified wards in a 
hospital 
Methicillin-susceptible/resistant Staphylococcus aureus (MSSA/MRSA) were recovered in both surgical 
wards. The most contaminated sites were in patients rooms near the bed side.; this study provides  
evidence supporting the value of  cleaning in the control of hospital-acquired MSSA and MRSA 
Napoli (2012) Italy University Hospital in Italy risk of creating reservoirs of potentially pathogenic microorganisms in active and passive air cleaning 
devices 
39 
 
Micael 
Widerström 
(2016) 
Sweden hospital environment risk for horizontal gene transfer in the aquatic environment which could amplify the virulence of 
environmental strains after HA MRSE have been excreted by colonized individuals,  HCW and 
environments serve as important reservoirs for HA MRSE, effective infection prevention and control 
measures have to be implemented, as well as better  Antibiotic Stewardship and improved infection 
prevention and control guidelines 
Crimi, 2006 Italy Hematology, the Bone 
Marrow Transplant Centre, 
the Emergency Intensive 
Care Unit, the First 
Anesthesia and 
Resuscitation Service (I 
SAR) which is divided in 
the east and west side, and 
the Neurosurgical Intensive 
Therapy ward 
the presence of artificial ventilation systems can lower the bacterial and fungal compared with a ward 
with natural ventilation; there is a recommendation to raise surveillance during spring and summer 
seasons 
 
Appendix 3.6: The Role of the Healthcare Worker  
Role of the Healthcare Worker 
First author, Year Country Setting  Outcomes 
Anabela Botelho, 2011 Europe Private outpatient 
healthcare,  
finds that that compliance with the law is far from ideal, and that provision of education and training is 
the strongest policy factor influencing the degree of compliance 
Angelillo, 2001 Italy Dental practice The correct application of disinfection or sterilization methods for instruments was more likely in the 
older respondents and in those who attended continuing education courses on infection control.; 
Educational programs are needed for improving knowledge about oral manifestations of AIDS in 
order to support dentists  
Lindberg, 2011 Sweden Multiple  "Insufficient knowledge of, behavior toward and emotional response to patients with MDRB were 
found, but the RNs under- stood their own responsibility for adherence to preventative measures for 
infection control as being great or very great." 
Emir YÜZBASIOGLU 
(2009) 
Turkey Dental Office Conclusion is that knowledge of Turkish dentists is relatively weak about infection control and 
prevention procedures. It is indicated that the issue of cross-infection control is not discussed among 
dentists. Improved dental education programs and short-term courses about cross-infection as well as 
infection control procedures are suitable and highly recommended 
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Tamburlini, 2011 Albania, 
Turkmenistan 
and 
Kazakhstan 
maternity and 
neonatal settings in 
hospitals 
develop or revise policies, laws, norms, regulations and clinical guidelines, to strengthen pre- and in-
service training, to make an appropriate use of technologies, to establish a referral system, and to 
introduce maternal and perinatal audits to Improve maternal and neonatal outcomes 
Vera Ferreira (2010) Portugal tertiary health care 
facilities in Algarve, 
Portugal 
environmental risks due to hospital waste is concerned highest for the environment and waste workers, 
followed by patients and visitors. The study could show that proper separation could improve 
environmental concerns and that this separation is correlated with daily contact with waste. Risk 
perception of staff is related to lack of knowledge concerning the importance of separation. Risk of 
infection is significantly higher during patients care than during waste handling and the frequency of 
such injuries is related to daily tasks. Legislative definitions and education seemed to have positive 
impact on both risk perception and waste handling. 
E. A. Jenner (2010) England Hospital despite several limitations (e.g. self-reporting nature of the survey), the study has achieved its aims 
(according to the author): using an approach integrating health behavior theories and existing research 
findings, the study can provide a framework that can be used to build both theoretical developments 
and practical intervention in a number of hospital settings. Three targets were identified in particular: 
attitudes of the staff, perceived behavior control and personal responsibility. This might help find 
angles for successful implementations 
 
Appendix 3.7: Governance 
Governance 
First author, Year Country Setting Outcome 
Blenkharn, 2006 U.K. Hospitals Determined U.K. healthcare waste management practices based on European Hazardous Waste 
Directive conflicts with CDC's Universal/Standard Precautions; The U.K. guidance made 
recommendations on ecological and financial criteria 
Lynn Parker, 
2004 
U.K. General healthcare facility Adequate guild lines on decontamination practices, although the implementation of the practices are 
lacking and inconsistent and often do not meet standards 
R. Herve, 2012 U.K. Hospital Limited action of current decontamination procedures and the lack of applicable quality control 
methods to assess the cleanliness of channels between patients 
contribute to increasing the risk of cross-infection of potentially harmful micro-organisms and 
molecules during endoscopy procedures. 
Aura Timen 
(2010) 
Netherlands General healthcare facility 4 genetic barriers have been identified, to improve adherence to crisis guidelines, those barriers 
have to be addressed when developing guidelines, irrespective of the infectious agent. Profession 
specific barriers require profession specific strategies to change attitudes, ensure organizational 
facilities and provide an adequate setting for crisis management 
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Yvette H. van 
Beurden (2016) 
Netherlands Tertiary Care Facility Total cost is calculated as 1.33 mi. euro with missed revenue due to increased length of stay of the 
CDI patients and the closure of beds to enable contact isolation of CDI patients. Second highest cost 
factor was the extra surveillance and activities of the infection control department. High cost of the 
outbreak should be seen as yet another reason to proactively implement a HAI prevention and 
control 
Jan-Willem H. 
Dik (2016) 
Netherlands Hospital seven outbreaks between 2012 - 14 were evaluated and total costs between 10,000 - 350,000 euro 
were calculated. A variety of microbial agents in the same hospital resulted in a large variation 
within the average cost due to different strategies. 
J. A. Otter (2016) England Hospital total outbreak costs of over 1.1m euro have been calculated over the 10-month period the outbreak 
persisted. The observational economic analysis was used to provide very detailed information what 
sums have been spent in which area. Missed revenue comprised the highest cost factor together with 
reduced capacities to perform elective surgical procedures related to bed closure. 
Jan Müller (2015) Germany and 
Netherlands 
General healthcare facility Usage of consistent terminology and harmonized diagnostic procedures would greatly improve the 
possibilities for infection prevention and treatment. The increased number of susceptible (elderly) 
patients in combination with higher rates of cross border patients further show the necessity for a 
multi- and interdisciplinary bilateral cooperation to prevent a "post-antibiotic" era. 
Timothy Lawes 
(2015) 
Scotland Hospital more than 1.2 million hospital admission and 450.000 adults registered in primary health care 
facilities have been investigated for antibiotic interventions. Policy measures such as a hand hygiene 
campaign, hospital environment inspections and MRSA admissions screening have been assessed as 
well. Alongside infection control measures, removal of key antibiotic selection pressures predicted a 
large and sustained reduction in hospital associated and community associated MRSA. Therefore, 
antibiotic stewardship is highly recommended 
Defez, 2008 France Hospitals "Total additional costs of NI (direct medical costs and costs of extra length of stay) in acute care 
were estimated to be up to 3.2 million (Euro) per year. In conclusion, both prevention of avoidable 
NI and better estimation of the actual costs of NI should be priorities for all healthcare facilities." 
W. Wetzker 
(2016) 
Germany Hospital Performance in wards and facilities differed immensely (neonatal ICU and pediatric non-ICU with 
higher compliance than adult care; nurses with better performance than physicians; rates of hand 
hygiene performance was significantly higher after patient contact than before) 
Heidi S. M. 
Ammerlaan 
(2011) 
Netherlands tertiary health care facility the 2006 guidelines for the eradication of MRSA were evaluated in a two-year study involving 18 
Dutch. Following the guideline resulted in 60% successfully decolonized patients after first 
treatment (increased treatment success compared to the time before introduction of the guideline) 
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Jean  Carlet 
(2009) 
France Hospital, more than 1,509 
tertiary health care facility in 
France (national level 
campaign), more than 620,176 
surgical procedures between 
1999 - 2005 and patients in 
more than 2,786 healthcare 
facilities in 2006 
This nationwide program has been implemented to strengthen the organized infection control 
activities on local, regional and national level as well as developing large networks for surveillance 
of specific infections and antibiotic resistance. Surgical infection rates decreased by 25% over a 6-
year period, median proportions of MRSA among S. aureus isolated among patients decreased by 
7.8% whereas the same rate increased in other European countries. In conclusion, the French 
program seems to be effective but continuing efforts are required. 
 
Appendix 4: The scope, responsibilities, and requirements outlined in programs and 
policies related to WaSH in HCF
Outcome 
Country 
Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
National Standards and Regulations 
Scope 
WaSH Infrastructure, 
medical waste 
management, water 
supply, surveillance of 
nosocomial infections, 
staff behavior, IPC, 
cleaning and 
disinfection, laundering 
Sanitary facilities, 
handwashing/hygiene, 
Legionella,  
Surveillance of 
nosocomial 
infections, medical 
waste management, 
Legionella, water 
quality 
Handwashing/hygiene, 
sanitary facilities, water 
supply, medical waste 
management, surveillance 
of nosocomial infections 
Water quality, sanitary 
facilities, 
epidemiological rules, 
wastewater, medical 
waste management,  
Water supply and 
quality, medical waste 
management 
Targeted Programs to improve WaSH 
 Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
Scope 
N/A WaSH Infrastructure  Surveillance of 
nosocomial 
infections, 
antimicrobial 
resistance,  
Water supply/quality, 
sanitary facility 
IPC, surveillance of 
nosocomial infections 
N/A 
Targeted Programs to improve sustainability 
 Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
Scope 
N/A Energy efficiency, 
renewable energy, 
water use efficiency 
Conscientious 
consumption 
Medical waste reduction 
and/or management, 
wastewater treatment, 
Medical waste 
reduction and/or 
management 
Access to safe water, 
education 
43 
 
energy efficiency, water 
use efficiency  
Division of responsibilities of provision, maintenance, and monitoring of WaSH 
 Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
Provision 
and 
maintenance 
of WaSH  
National law, 
Responsibility of  
national agency 
National law, 
Responsibility of  
national agency 
Responsibility of 
regional and local 
agencies 
Responsibility of 
organizing body (national 
hospitals vs other HCF) 
Provision is 
responsibility of local 
agencies, maintenance 
is responsibility of 
national agency 
Responsibility of 
national agency, water 
supply responsibility 
of facility in rural 
areas 
Monitoring 
of WaSH 
Conditions 
Coordinated by national 
agency 
Provision of WaSH 
the responsibility of 
facility, oversight by 
local agency 
N/A Responsibility of national 
agency 
responsibility of 
national agency 
N/A 
Overview on the situation of WaSH in HCF 
 Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
Type of 
Overview 
Ongoing monitoring tool  One-off assessment One-off assessment Ongoing monitoring tool Ongoing monitoring 
tool; one-off 
assessment 
Ongoing monitoring 
tool 
Scope  
Medical waste 
management, water 
supply, cleaning and 
disinfection, laundering, 
hand hygiene 
Medical waste 
management, water 
supply, hand hygiene 
(ongoing monitoring)  
IPC, antibiotic 
resistance 
Water supply/quality, 
medical waste 
management  
Hygiene; wastewater 
and medical waste 
management  
Water supply/quality, 
sanitation 
WaSH 
Dimensions 
Missing 
Sanitation, wastewater  Sanitation, wastewater Water supply, 
sanitation, hygiene, 
medical waste 
management, 
wastewater 
Sanitation, wastewater, 
hygiene 
Water supply/quality, 
sanitation 
Wastewater, hygiene, 
medical waste 
management  
Requirements for routine surveillance by national authorities of WaSH conditions 
 Georgia Hungary Italy The Republic of Moldova Serbia Tajikistan 
Scope 
WaSH Infrastructure, 
medical waste 
management, water 
supply, laundering, 
cleaning and 
disinfection, hand 
hygiene, IPC, 
surveillance of 
nosocomial infections, 
staff behavior, antibiotic 
stewardship 
Minimal legal 
requirements met, 
Legionella, 
surveillance of 
nosocomial infections 
N/A Sanitary facilities, hygiene WaSH infrastructure, 
water supply/quality, 
sanitation, medical 
waste management, 
cleaning and 
disinfection   
Sanitary facility, 
hygiene, medical 
waste management, 
water supply  
Frequency N/A 1/year N/A 1/year N/A 1/year 
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Enforcement 
Mechanism 
Included 
Correction period 
followed by a third phase 
planned by state agency, 
involves the imposition 
of a penalties or rejection 
from the universal health 
care program until 
corrections made 
N/A N/A 1) Sanitary authorization 
issued by territorial 
Centers of Public Health 
2) Center applies penalties 
in the case of non-
compliance 
3) Accreditation by the 
National Council of 
Evaluation and 
Accreditation 
N/A N/A 
Actors 
N/A county public health 
offices 
N/A N/A Ministry of Health 
under the Regulation 
on the Protection of 
the Population against 
Communicable 
Diseases  
Ministry of Health; 
the district Laboratory 
of Sanitary and 
Epidemiological 
Surveillance  
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